To study the effect of myopia and spectacle wear on bicycle-related injuries in rural Chinese students. Myopia is common among Chinese students but few studies have examined its effect on daily activities.
Conclusion:
These results may be consistent with data on motor vehicle accidents implicating peripheral vision (potentially compromised by spectacle wear) more strongly than central visual acuity in mediating crash risk.
Arch Ophthalmol. 2009; 127(6) : [776] [777] [778] [779] [780] [781] [782] [783] U NCORRECTED REFRACTIVE error accounts for more t h a n 9 5 % o f v i s u a l impairment among children in rural China. 1, 2 Among rural Chinese secondary schoolchildren, 16% to 20% have habitual visual acuity of no better than 6/12 in at least 1 eye. 1, 2 Although it has been demonstrated that myopia is associated with significant decrements in self-reported visual function 2 and that correction of even modest amounts of refractive error significantly improves functioning, 3 few reports have examined the extent to which uncorrected refractive error and the resulting visual impairment may affect the daily activities of children.
Unintentional injuries are the leading cause of mortality among children of all ages in the United States 4 and among adolescents worldwide. 5 Injuries associated with bicycle riding are of particular concern; riding a bicycle was the single most common exposure for leisure-time and traffic-related injuries in a recent German study of children and adolescents. 6 Children younger than 15 years have the highest rates of bicycle-related injuries among any age group. [7] [8] [9] In 2003, an estimated 10 700 children were hospitalized in the United States for a bicycle-related injury, at a total cost of US $200 million for in-patient treatment alone. 9 In China, the burden of bicyclerelated injuries appears to be even greater. A study from Wuhan concluded that mortality rates for Chinese cyclists exceed those in the United States by 7-fold. 10 Bicyclists in China are the most common traffic fatalities, constituting 45% of the total, 10 and bicycle accidents are the leading cause of brain injury. 11 The Xichang Pediatric Refractive Error Study (X-PRES) is a school-based evaluation of refractive error prevalence and attitudes toward and uptake of refractive services among 1892 children in junior middle school years 1 and 2 (ages 13-17 years) in rural China. Because of compulsory education in this age range, the sample is likely representative of the local population. This report provides data on the prevalence of self-reported bicycle injuries during the past 3 years among the X-PRES cohort and on the association of visual impairment, myopia, and spectacle wear with bicycle injury risk, when adjusting for selfreported measures of riding exposure and risky riding behaviors.
METHODS

Xichang is a rural town with a population of 109 673 in 2002
12 that is located within 2 hours of the city of Shantou in eastern Guangdong province. Eye services are provided through a facility run cooperatively by the local government medical clinic and the Caring is Hip eye care program, supported by the Li Kai Shing Foundation (Hong Kong). Basic refractive services and spectacles are available at the eye clinic and also at a small number of privately run optical shops in Xichang and the surrounding area. Xichang includes more heavily settled, high-traffic areas and sections with lower traffic density. Traffic components include private cars, motorcycles, mopeds, commercial and farm vehicles, bicycles, and pedestrians; there are no provisions for separate bicycle lanes or paths in any part of the town.
A school-based survey was performed from April 1 through June 30, 2007, on a cluster-based random sample of children in junior middle school years 1 and 2 at all 3 middle schools in Xichang. The sample is likely representative of the population in this age range because of compulsory education in China to 16 years of age. The purpose of the survey was to determine the prevalence and predictors of visual disability, refractive error, and spectacle wear among Chinese rural-dwelling children and to assess the impact of visual disability on safety and daily activities. The protocol was approved by the Ethics Committee at the Joint Shantou International Eye Center in Shantou, parent hospital for the Xichang Eye Clinic. Informed consent was obtained from the parents of all participating children, and the tenets of the Declaration of Helsinki were followed throughout.
PARTICIPANTS
The parents of all eligible children were sent invitation letters explaining the purpose and methods of the study and were asked to return a form indicating whether they were willing for their child to participate. Among 2235 children in the sample, 2197 forms (98.3%) were returned, permission was granted for 1945 children (87.0% of the sample), and 1892 (84.7% of the sample) were examined ( Figure) .
ASSESSMENT OF VISION
The assessment of vision has been described elsewhere in detail. 2 Briefly, uncorrected visual acuity and visual acuity while wearing habitual refraction (if available) were measured in well-lighted areas during daylight hours, at a distance of 6 m, separately for each eye of each child by study personnel. Children who did not have their spectacles at school were asked to bring them for vision assessment on a separate day. Identical illuminated Snellen tumbling E vision 
Figure.
Flowchart detailing the recruitment and examination of participants for the Xichang Pediatric Refractive Error Study. Percentages have been rounded and may not total 100. *A random 25% sample of children with bilateral normal vision (n = 248) underwent refraction, and none were found to have myopia of less than −4.0 diopters bilaterally, the cutoff used to define myopia in this study. Based on this finding, all children with normal vision were presumed to be nonmyopic in subsequent analyses. VA indicates visual acuity.
charts (Shantou City Medical Equipment Ltd, Shantou, China) were used for all testing.
QUESTIONNAIRES
All study participants (n=1891) (Figure) were administered a basic questionnaire by study personnel before being told the results of their vision assessment. The basic questionnaire included questions on age, sex, parental education, history of glasses wear, and reasons for nonwear of glasses. The basic questionnaire also included a Chinese translation of an instrument developed originally by Fletcher et al 13 to assess self-reported visual function in rural Asia. All questions were administered in Mandarin or the local dialect (Chaoshanhua) by 1 of 6 native speakers after a period of training and standardization. The instrument was scored from 0 (worst) to 100 (best) and has been described elsewhere in detail. 14 Three months later, children participating in the original survey were administered a questionnaire asking them to report the average number of days, hours, kilometers, and trips per week they completed while riding a bicycle. Children were asked about their participation in the following 8 risky riding behaviors: riding in the rain, riding after dark, not stopping for stop signs and/or red lights, riding on the sidewalk, riding against traffic, riding with 1 hand or no hands, riding with another child on the bicycle, and riding without a helmet. A score of 1 point was given for never engaging in the activity, 2 for occasionally, and 3 for frequently. Questions with yes or no answers were scored with the more dangerous behavior (no to wearing a helmet or yes to riding in the dark) receiving a score of 3 points and the safer behavior 1 point. Preferred side of the road for riding was scored from 1 to 6, with the highest (worst) score for always being on the left (incorrect) side. Total scores ranged from 8 (least dangerous) to 27 (most dangerous). Finally, children were asked to describe the number, severity, and characteristics of any bicycle accidents in which they had been involved in the past 3 years. Children's reports of bicycle activity and accidents were elicited retrospectively on a single occasion and were not based on diaries or subsequent contact by telephone or other means.
Although children were asked about their habitual patterns of glasses wear, the wear of spectacles for the purposes of our analyses was defined as having been observed to wear spectacles at the time of examination.
DETAILED EXAMINATION AND REFRACTION
A detailed examination and refraction were attempted for all participants with uncorrected visual acuity of 6/12 or worse in either eye (n=985 attempted refraction and n=984 completed refraction), and a 25% random sample of participants with visual acuity of better than 6/12 in both eyes (n=248 attempted and completed refraction) ( Figure) . This consisted of cycloplegia, achieved with 2 drops in each eye of cyclopentolate hydrochloride, 1%, administered 5 minutes apart, followed no less than 30 minutes later by autorefraction using a commercially available refractometer/keratometer device (Canon RK-F1; Canon, Inc, Tochigi, Japan). Autorefraction was refined with subjective refraction by an ophthalmologist separately in each eye. An ophthalmologist also performed a slitlamp examination (YZ5F1 slitlamp; Suzhou Liuliu, Suzhou, China) of the anterior and posterior segment in both eyes after dilation of the pupil.
STATISTICAL METHODS
Raw data are given as mean (SD) or as frequency and percentage where appropriate. Except for a 25% random sample, children with normal vision did not undergo refraction. In attributing myopia status to children with normal vision who did not undergo refraction, we assumed that they were not myopic. This assumption appears to be justified with regard to the cutoffs of less than −2.0 diopters (D), less than −3.0 D, and less than −4.0 D in both eyes used to define myopia in this study. Among 248 children with normal vision who were selected at random for refraction, only 2 (0.8%) had myopia of less than −2.0 D in both eyes, and none had myopia of less than −3.0 D or −4.0 D. Separate analyses were also performed that included only the 927 children who underwent refraction (all participants with visual acuity Յ6/12 and the 25% sample of those with normal vision).
All univariate comparisons were made using the t test, the Pearson 2 test, or the Fisher exact test, as appropriate. Logistic regression was used to assess potential factors associated with reporting having experienced at least 1 bicycle accident in the past 3 years. According to the study hypothesis, habitual visual acuity and refractive error were included in the model irrespective of significance in the univariate model, as were indices of exposure to bicycle riding and risky riding behavior because it was believed to be important to adjust for these potential confounders. Finally, age, sex, and any factors with P Յ .3 in the univariate analysis were also included. All statistical analyses were performed using commercially available software (SPSS 14.0; SPSS Inc, Chicago, Illinois). All statistical tests were 2-sided, and P Ͻ .05 was considered statistically significant.
RESULTS
Among 1892 children participating in the X-PRES, information on vision and self-reported frequency of bicycle riding, risky riding behaviors, and accidents was available for 1539 participants (81.3%) (Figure) . These 1539 children form the basis for remaining analyses, except where otherwise specifically indicated. Children completing the bicycle survey had a mean age of 14.6 years, 52.5% were girls, 26.8% wore glasses, 4.2% had a habitual visual acuity worse than 6/18 in the better-seeing eye, and 12.9% had a spherical equivalent refractive error of less than −4 D in both eyes ( Table 1) . Children completing the survey were significantly younger, more likely to be female, and had more myopia than nonresponders ( Table 1) .
The rural Chinese secondary schoolchildren participating in the X-PRES used bicycles as their primary means of transportation. Overall, 91.6% relied on bicycles to get to school daily, and 41.1% made at least 25 trips per week by bicycle ( Table 2) . A total of 1529 children (99.4%) reported ever having ridden a bicycle in the past 3 years; this group formed the basis for the remaining analyses of vision and bicycle safety ( Table 2) .
Participants were asked about a number of behaviors potentially associated with increased risk of bicycle accidents or bicycle-related injuries ( Table 3) . Of these children, 2.8% wore helmets while riding, 57.6% rode after dark, and behaviors such as failing to stop at traffic lights, riding on the sidewalk or on the wrong side of the road, riding with 1 or no hands, and carrying passengers on the bicycle were common (Table 3) . A summary risk score was calculated by assigning higher point values to more risky behaviors, with a mean (SD) value of 16.6 (1.9) (range, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Children were also requested to give information about bicycle accidents of various types in which they had been involved in the past 3 years ( Table 4) . A total of 2931 accidents were reported by 423 children, indicating that nearly one-third of them had had at least 1 accident. The total annual reported accident rate was 696 (95% confidence interval [CI], 682-710) per 1000 person-years. Serious accidents were not uncommon; 68 accidents requiring medical attention and 15 requiring inpatient treatment were reported (Table 4) .
In logistic regression modeling of factors potentially associated with having reported at least 1 accident in the past 3 years, male sex (odds ratio [OR], 1.55; 95% CI, 1.22-1.96; P Ͻ .001) and glasses wear (OR, 1.38; 95% CI, 1.02-1.86; P = .04) were associated with significantly greater odds of accidents when adjusting for age, time spent riding, and the bicycle risk score (Table 5) . However, habitual visual acuity of worse than 6/18 in the better eye and spherical equivalent of less than −4 D in both eyes were not associated with bicycle accidents in this model. These results were unchanged when a visual acuity cutoff of no better than 6/12 and refractive cutoffs of less than −2.0 D and less than −3.0 D were examined. Specifically, in an analysis including only those 927 children who underwent refraction (all participants with visual acuity Յ6/12 in either eye and a random 25% sample of those with normal vision) and completed the visual examination and bicycle survey (no missing responses), male sex (OR, 1.57; 95% CI, 1.17-2.11; P=.003) and wearing glasses at the time of the examination (OR, 1.70; 95% CI, 1.18-2.45; P = .005) were significantly associated with accident risk in the multivariate model, whereas habitual visual acuity of worse than 6/18 in the better eye (P = .13) and myopia of less than −2 D (P= .09) were not. Spectacle wear and male sex remained the only significant associations with accidents in models in which visual acuity and refraction were included separately or together as continuous variables, and in which the total number of accidents or of accidents requiring medical attention was used as the outcome. Only spectacle wear remained significantly associated in models including only boys (data not shown).
COMMENT
Although both bicycle accidents and myopia are common in this rural Chinese population, we failed to find any significant association between crash risk and refractive error or habitual visual acuity. There is a significant burden of myopia and poor vision in this population, 1,2 which has been associated in this 1 and other 3 groups with poor self-reported visual function. Given the significant resources that would be needed to ameliorate this problem, we believe that even a negative finding in this context is of interest, and we hope this report will stimulate further studies of the impact of refractive error on activities of daily living among children.
Few other reports have examined the question of whether visual disability is a risk factor for injury in children. A German report concluded that visual impairment significantly increased the risk of injuries of all types examined at a hospital, 6 but the assessment of vision appears to have been based on self-report. To the best of our knowledge, ours is the first study to examine the association between objectively measured visual acuity and refractive error and a history of accidents during childhood in this setting.
The literature on visual disability and motor vehicle crashes among elderly persons has been comparatively plentiful. Visual field loss, 15 cataracts, 16 and glau- 17 have been associated with increased incidence of automobile crashes. Visual acuity, however, has at most been weakly correlated with increased risk of accidents, [18] [19] [20] [21] and often no significant association has been observed. [22] [23] [24] [25] This is in keeping with the findings of our study.
It has been postulated that the lack of above-normal injury levels among visually impaired adults while driving may be a result of driving less, 26, 27 taking fewer risks, driving more slowly, and driving only during the daytime or in familiar surroundings. 18, [28] [29] [30] We reviewed our own data for comparable trends but found that weekly riding time and distance did not differ significantly between participants with habitual visual acuity in the better eye that was better or worse than 6/18 (data not shown). Among the risky riding behaviors about which we inquired in our survey, only failure to stop at red lights or stop signs was significantly less common among children with poor vision (8.1% of visually impaired children vs 16.1% of those with better vision reported seldom stopping at marked intersections; P = .02 adjusting for age and sex). It should be remembered that the various indices of riding exposure and risky riding behavior were not associated with injury outcome in the study's data set.
Although we failed to observe any association between myopia or habitual visual acuity and bicycle accidents, children wearing spectacles were at significantly increased risk of crashes. Although the magnitude of the unadjusted difference was modest, in various models adjusting for age, sex, riding exposure, visual acuity, refraction, and risky behaviors, the increased odds of a crash was 35% to 70% among children who were wearing glasses at the time of their study examination. Our hypothesis is that spectacle wear may lead to a decrement in the peripheral visual field, thus reducing rider awareness of oncoming vehicles and road obstacles. In this context, our results are consistent with reports of increased risk of automobile crashes among drivers with peripheral visual fields impaired by other causes. 15 The Salisbury Eye Evaluation, for example, followed up 1801 drivers aged 65 to 84 years during a period of 3 to 5 years and examined the association between automobile crash involvement and a number of visual indices, including acuity, contrast sensitivity, stereoacuity, and visual field. 28 Among these, only visual field was significantly associated with involvement in an accident. Peripheral scotomata associated with spectacle wear and potentially relevant to motor vehicle driving safety have been reported. 31 Given the high incidence of myopia 2 and bicycle accidents in this population, it may be prudent to consider education at the time of dispensing glasses, emphasizing careful scanning of the road while bicycling and wearing spectacles to reduce the risk of accidents. There are, however, potential concerns about negative social marketing associated with such strategies, given the already low levels of use of glasses among those with significant myopia in rural China. 1, 2 Our finding of 50% increased odds of bicycle accidents among boys is generally consistent with the trauma literature, which reports increased risk of most injuries among males compared with females, particularly at younger ages. 32 This association persisted after adjustment for bicycling exposure and self-reported risky cycling behaviors, suggesting that these factors failed to fully explain the excess risk among boys or that our metrics did not fully describe them. The possibility that boys were more forthcoming than girls in reporting their accidents cannot be excluded.
This report from the X-PRES must be understood within the context of its limitations. First, all indices of bicycle-riding exposure, risky behaviors, and accident outcomes were self-reported, leaving open the possibility of bias and inaccuracy. No standard definition of a bicycle injury was provided, which likely led to the inclusion of a large number of rather modest events among our data. The lack of an association persisted when only crashes requiring medical attention were considered. Still, our failure to observe an association between accidents and refraction or vision may to some extent be a reflection of our methods and thus requires confirmation by other investigators.
Visual acuity in this study was measured with a Snellen chart, although logMAR charts have been suggested to offer superior test-retest variability and to discriminate more accurately between persons with and without visual disability. 33 Our reason for making this choice is that refraction using logMAR charts may be "notoriously timeconsuming and frustrating." 33 Although the use of Snellen charts in this study of refractive error was logistically practical, the possibility must be acknowledged that resulting decreased accuracy in vision measurements may have contributed to our failure to detect an association be- tween vision and bicycle accidents. It seems unlikely that a strong association would have been missed for this reason, however. Only 25% of participants with normal vision in this sample underwent actual refraction. Thus, it is possible that misclassification may have occurred, with the children who did not undergo refraction having normal vision and undetected myopia being incorrectly treated as nonmyopic in our analyses. However, among 248 children with normal vision who underwent refraction, we identified none with a spherical equivalent refractive error of less than −3.0 or −4.0 D in both eyes and only 2 (0.8%) with less than −2.0 D in both eyes. It is still possible that our having classified children with lesser degrees of myopia as nonmyopic may have attenuated an existing association between myopia and bicycle crashes. However, in analyses including only those who actually underwent refraction, refractive error (treated continuously) was still unassociated with bicycle crashes (data not shown).
Spectacle wear in this study was assessed according to students' observed wear at the time of examination. We chose this approach in preference to ascribing glasses wear to children on the basis of their own self-report because we believed that direct observation was more reliable. When separate analyses were performed attributing glasses wear only to children who indicated that they usually wore glasses, the association with crashes and glasses wear remained unchanged (data not shown). Nonetheless, the possibility exists that misclassification may have occurred and that not all children identified as wearing glasses were truly using spectacles regularly while riding their bicycles. Participants were asked to give a history of bicycle accidents during the past 3 years. It is also possible that not all children wearing spectacles at the time of the examination were doing so during the past 3 years. However, the mean refractive error of children observed wearing spectacles was −3.55 (1.47) D. It seems unlikely that children with this degree of refractive error became myopic only within the past 3 years. Misclassification with regard to spectacle wear would generally have been expected to attenuate rather than strengthen the observed association between glasses use and bicycle accidents. The possibility also cannot be excluded that the spectacles children were wearing during the 3-year period were inaccurate because such inaccuracies are common in this population 34 ; wearing incorrect spectacles may have contributed in part to the association between glasses wear and accidents.
Finally, only 81.4% of study participants completed the bicycle survey, and statistically significant differences (although small in magnitude) existed between respondents and nonrespondents. Therefore, one should be cautious about applying these results to the general population of schoolchildren in this area or elsewhere in rural China.
Nonetheless, this report provides unique data on the impact of visual impairment, refractive error, and spectacle wear on the daily activities of a large population with a very high burden of myopia, that is, children in rural China. Given the unusually high prevalence of visual disability in this group, further studies assessing its effect on activities of daily living will be important for program planners and policy makers.
